ABSTRACT: A total of 132 animals (initial BW = 220 ± 22 kg and age = 166 ± 0.4 d) were used to study the effect of castration on eating behavior and physical activity. Animals were randomly allocated to 6 pens with 2 pens for each of the 3 treatment groups: 44 intact bulls, 44 steers castrated (3 mo of age) before the study began, and 44 bulls castrated (CAS) at 8 mo of age (at d 69 of the study). The study fi nished when animals reached 292 d of age. Each pen held 22 animals, and had 1 computerized concentrate feeder (GEA WestfaliaSurge, Germany), 1 feed trough for straw, and 1 water source. Concentrate and straw were offered ad libitum. Animals were weighed every 14 d and eating pattern at which animals consumed concentrate was averaged for each 14-d period. A pedometer was placed on the left hind leg of 86 animals randomly distributed among treatments to estimate physical activity from d −5 to 10 relative to surgical castration (d 65 to 79 of study). The statistical model included initial BW as a covariate, treatment, period, and the interaction between treatment and time (14-d), as fi xed effects, and pen and animal as random effects. For physical activity data, day was the repeated measure. The CAS animals exhibited reduced ADG and concentrate DMI (P < 0.001) during the fi rst 2 wk after castration than bulls or steers. Eating behavior throughout the study differed among treatments. Meal size (1.3 ± 0.05 kg) and meal duration (12.4 ± 0.47 min) were greater (P < 0.001) in bulls during the 2 wk after castration than in steers (1.0 ± 0.05 kg and 9.7 ± 0.46 min, respectively) and CAS animals (0.8 ± 0.05 kg and 7.8 ± 0.47 min, respectively). In contrast, bulls visited the feeders less frequently (5.3 ± 0.34/d) during these 2 wk than did steers (6.7 ± 0.34/d) and CAS animals (7.7 ± 0.34/d). In addition, daily intake, meal size, and eating rate increased (P < 0.001) with time. Lying time in CAS animals was reduced (P < 0.001) for the 5 d after castration compared with bulls and steers. Bulls were more active (steps/h) than steers, and activity of recently castrated animals decreased (P < 0.001) for at least 10 d after castration. Although 2 wk after castration differences in eating pattern across treatments were observed, the long-term effects of castration and gender (bull vs. steer) on eating behavior were diffi cult to interpret. Castration effects on total feed intake and lying time are temporary, whereas castration has a lasting reduction on physical activity.
ADG and concentrate DMI (P < 0.001) during the fi rst 2 wk after castration than bulls or steers. Eating behavior throughout the study differed among treatments. Meal size (1.3 ± 0.05 kg) and meal duration (12.4 ± 0.47 min) were greater (P < 0.001) in bulls during the 2 wk after castration than in steers (1.0 ± 0.05 kg and 9.7 ± 0.46 min, respectively) and CAS animals (0.8 ± 0.05 kg and 7.8 ± 0.47 min, respectively). In contrast, bulls visited the feeders less frequently (5.3 ± 0.34/d) during these 2 wk than did steers (6.7 ± 0.34/d) and CAS animals (7.7 ± 0.34/d). In addition, daily intake, meal size, and eating rate increased (P < 0.001) with time. Lying time in CAS animals was reduced (P < 0.001) for the 5 d after castration compared with bulls and steers. Bulls were more active (steps/h) than steers, and activity of recently castrated animals decreased (P < 0.001) for at least 10 d after castration. Although 2 wk after castration differences in eating pattern across treatments were observed, the long-term effects of castration and gender (bull vs. steer) on eating behavior were diffi cult to interpret. Castration effects on total feed intake and lying time are temporary, whereas castration has a lasting reduction on physical activity.
INTRODUCTION
Over the past few decades, the relationship between behavior and animal welfare has emerged as a topic of active academic discussion (Broom, 1991) . There is an interest in defi ning behavioral indicators that may be helpful for identifying welfare problems. In this regard, automated measures of intake and eating behavior have been considered as useful indicators of animal well-being (Broom, 1991) . On the other hand, castration has been questioned from a welfare point of view. There are few studies that evaluate the effects of castration on eating behavior and physical activity. González et al. (2010) observed that the number of daily meals increased and lying times decreased in recently bandcastrated bulls compared with steers. However, in most studies, it is diffi cult to separate the effect of gender (bull vs. steer) from the effect of castration on eating behavior and DMI because animals in the control group are either intact bulls or steers. Schwartzkopf-Genswein et al. (2002) observed that heifers visited the feedbunk more frequently and spent more time there than steers. In addition, eating behavior and DMI change with age (Nielsen, 1999) , and most studies (Fisher et al., 1996 (Fisher et al., , 1997 Ting et al., 2003) where the effect of castration on DMI is evaluated are conducted during short periods, usually between 3 wk before castration and 6 wk after castration. The objectives of the present study were to validate a computerized concentrate feeder to monitor feed intake and feeding behavior under commercial conditions, and to evaluate the effect of gender (bull vs. steer) and castration on eating behavior and physical activity of group-housed Holstein bulls.
MATERIALS AND METHODS
Animals were managed following the principles and guidelines of the Institut de Recerca i Tecnologia Agroalimentàries (IRTA) Animal Care Committee (no. 4169).
Animals, Housing, and Diets
One hundred thirty-two animals (initial BW = 220 ± 22 kg and age 166 ± 0.4 d) were used in a completely randomized design. Animals were randomly allocated to 6 pens with 2 pens for each of the 3 treatments: 44 intact bulls, 44 steers castrated at 3 mo of age (before the study began), and 44 bulls castrated (CAS) at 8 mo of age (235 ± 0.4 d), at d 69 of the study. The study fi nished when animals reached 292 ± 0.4 d of age. Steers were ringcastrated as described previously (Marti et al., 2010) using analgesia and anesthesia at 97 ± 0.28 d of age. Marti et al. (2010) demonstrated that despite reduced growth and altered behavior during the fi rst 2 wk after castration, ring castrating calves at 3 mo using analgesia and anesthesia could be considered a method that controls pain and does not greatly compromise animal welfare. Ring-castrated steers were included in the study as a positive control to allow separation of potential effects on eating behavior and activity of castration (a potentially painful management procedure) from those potentially elicited solely by gender (bull vs. steer). Animals in the CAS treatment were surgically castrated at d 69 of the study (235 ± 0.4 d of age) under sedation (0.02 g/100 kg BW of xylazine hydrochloride, Rompun, Bayer, Germany). The surgical method consisted of 2 incisions into the caudo-ventral scrotum using a scalpel, followed by expression of the testicles, and the application of emasculators to crush and cut the testicular cords. At the same time, analgesia (3 mg/kg BW of fl unixin meglumine, Flunixin Inyectable Norbrook, Laboratorios Karizoo S.A., Spain) and antibiotic (12 mg/kg BW, procaine benzylpenicillin, Depocillin, Laboratorios Intervet, S.A., Spain) were administered intramuscularly. Both analgesic and antibiotic treatments were repeated once 48 h after castration.
Animals were reared on a commercial farm (Agropecuaria Montgai, Lerida, Spain) with 6 identical covered pens (12 m × 6 m) bedded with straw. In each pen, animals had access to 1 water source and received ad libitum concentrate (40.0% corn, 21.0% barley, 15.0% wheat middlings, 14.4% soybean meal, 5.0% soy hulls, 2.6% palm oil, 1.5% calcium carbonate, 0.30% salt, 0.20% vitamin-mineral premix, 16.5% CP, 6.1% ether extract (EE), 18.9% NDF, and 5.1% ash; DM basis) via a computerized feeder (GEA WestfaliaSurge, Germany). Animals had ad libitum access to barley straw (3.5% CP, 1.6% EE, 70.9% NDF, and 6.1% ash; DM basis) in a separate feed trough (3 m × 1.12 m × 0.65 m; 7 feeding spaces).
An antenna located at the concentrate feeder detected each visit by an animal to the computerized feeder via a transponder placed in the left ear of each calf. The feeder was protected by 2 lateral barriers (1.4 m long × 0.7 m high) forming a chute, which inside diameter could be regulated from 42-to 72-cm wide (depending on the age of the animals). The chute provided protection, allowing the animal that had entered to eat without interference from other animals from the sides. Once a calf was detected at the feeder, consecutive bouts of 100 g of concentrate DM were delivered every time that a sensor placed at the bottom of the trough detected that no feed was present. Therefore, when an animal left the feeder, there could be some concentrate remaining in the trough, and when a new calf entered the feeder, it would not receive new concentrate until the leftovers were consumed and the sensor (at the bottom of the trough) triggered a new bout delivery. No concentrate delivery limit was set; thus, calves were fed ad libitum. The computer recorded time entering and exiting the feeder, and number of delivery bouts offered each visit. The amount of straw offered to animals in each pen was recorded to estimate the total amount of straw consumed; however, as straw was also used for bedding, these data are only estimates.
At d 64 of the study, 5 d before castration, and for a 14-d period, a pedometer (E.N.G.S. Systems, Almagor, Israel) was placed on the left hind leg of 86 animals (27 bulls, 29 steers, and 30 CAS) randomly chosen to determine physical activity. Castrations and any animal manipulation (i.e., pedometer placement) were performed in a handling area outside the barn. Thus, during animal manipulations, pen size was temporarily reduced by one-half.
Measurements

Validation of the Computerized Concentrate Feeder.
The measures provided by the computerized concentrate feeder were validated using data from the 6 feeders. The validation was conducted during 6 d once weekly in a series of 8-h observations performed by 3 observers who alternated the feeder being observed every 60 min. Each observer used a digital timer synchronized with the time of the computer. A total of 470 events or visits were registered. During the observation periods, observers recorded the animal number and the time of the visit to each feeder, the number of concentrate delivery bouts, and the time leaving the feeder. To validate the accuracy of the system to monitor individual feed intake, on the last day of the observation period the feed that remained unconsumed in the feed trough at the end of each visit was removed, weighed, and placed back to the feed trough before another animal was allowed to visit the feeder. This procedure was conducted on a total of 95 separate occasions.
Effects of Gender (Bull vs. Steer) and Castration. Any health incident was registered daily and animals were weighed every 14 d. The computer feeder was programmed to record daily concentrate intake on an individual basis. Concentrate delivery rate for each automatic feeder was recorded on a weekly basis on 2 consecutive feed delivery bouts. Daily lying time and average number of steps per hour were automatically recorded using a pedometer.
Chemical Analyses
Feed samples were analyzed for DM (24 h at 103ºC), ash (4 h at 550ºC), CP by the Kjeldahl method (AOAC, 1995) , NDF according to Van Soest et al. (1991) using sodium sulfi te and alpha-amylase, and fat by Soxhlet with a previous acid hydrolysis (AOAC, 1995) .
Calculations and Statistical Analyses
Validation of the Computerized Concentrate Feeder. Visit duration and number of concentrate delivery bouts obtained by direct observations were contrasted with the data obtained electronically. Additionally, concentrate intake at each visit recorded electronically was contrasted by that obtained from direct measurements accounting for the feed present at the feed trough at the beginning and at the end of the each visit: (total number of delivery bouts × mean feed weight delivered per bout) + (feed refusal at the beginning of the visit -feed refusal at the end of the visit). Normality of the data distribution was evaluated by frequency histogram and the Shapiro-Wilk test. All data to validate the feeding system were transformed to a logscale to achieve a normal distribution prior any statistical analysis. The records obtained by direct observations were then compared with the data recorded electronically using an ANOVA with this linear model:
Where Y represents the variable (visit duration, number of feed delivery bouts, concentrate intake), Method refers to direct vs. electronic observations, and Day represents the day of observation.
Effects of Gender (Bull vs. Steer) and Castration. In regard to consecutive visits to the feed trough during a single meal, meal criterion (maximum amount of time between visits to the feed troughs to consider a visit as a part of the same meal) was calculated using a model composed of 3 or 2 normal distributions resulting from the natural logarithm of time (in seconds) between feed trough visits as described by Bach et al. (2006) . Meal criteria were calculated for each calf and each 14-d period. Then, visits to the automatic feeders were separated into meals, and meal frequency, duration and size, and intermeal duration were calculated. Eating pattern data (average, coeffi cient of variation, minimum, and maximum) were summarized and calculated for each 14-d period.
Animal performance and eating behavior data were analyzed using a mixed-effects model with repeated measures (SAS Inst. Inc., Cary, NC). The model included initial BW as a covariate, treatment, time (14-d period), and the interaction between treatment and time, as fi xed effects, and pen and animal within pen as random effects:
Time was considered a repeated factor, and for each analyzed variable, animal nested within treatment (the error term) was subjected to 3 variance-covariance structures: compound symmetry, autoregressive order 1, and unstructured. The covariance structure that minimized Schwarz's Bayesian information criterion was considered the most desirable analysis. For physical activity data, the same model was used, but day was considered the repeated measure. For all analyses, signifi cance was declared at P ≤ 0.05 and tendencies were discussed at 0.05 < P ≤ 0.10.
RESULTS AND DISCUSSION
All data were deleted corresponding to 4 bulls and 3 CAS animals that were removed from the study due to health problems unrelated to the treatments (pneumonia, anorexia, lameness). One CAS animal died the day after castration; a necropsy was performed but no clear diagnosis could be established.
Validation of Computerized Concentrate Feeder
The mean weight of concentrate bouts delivered did not differ (P = 0.59) among the 6 feeders (101 ± 0.8, 103 ± 0.8, 102 ± 0.8, 101 ± 0.8, 102 ± 0.8, 102 ± 0.8 g DM each delivery). All recorded visits by direct observation coincided with those registered electronically. Therefore, in the current study, the sensibility was 100% and the specifi city was 100%. Detection and specifi city of different monitoring systems that have been previously reported are usually above 98.2% and 87%, respectively (DeVries et al., 2003; Bach et al., 2004) . There were only 6 feeders, reducing observational detection failures. The visit duration obtained by direct observation (346 ± 1.09 s) did not differ (P = 0.88) from that registered by the computerized feeder (338 ± 1.09 s). Similarly, no differences (P = 0.89) were observed between the number of concentrate delivery bouts obtained from direct observation (6.5 ± 1.09) and those registered using the computerized feeder (6.8 ± 1.09). The average concentrate consumed by an animal during a visit was 839 ± 0.9 g when recorded by direct observation, and 821 ± 0.9 g when estimated by the computerized feeder; however, this difference (18 g) was not different (P = 0.82). These results indicate the described concentrate computerized feeder is an adequate system to record eating behavior and to monitor individual concentrate intake in beef animals.
Eating Behavior and Physical Activity
Feed intake, eating behavior, and performance data throughout the study are presented in Table 1 . Initial BW was greater (P < 0.001) in bulls and CAS animals than in steers, as castration was performed at 3 mo of age in the latter group of animals. For this reason, initial BW was introduced as covariate in the statistical analyses. Eating behavior data of the present study (Table 1) were in the range of data described in previously published studies with beef animals fed medium-to high-concentrate diets (Gibb et al., 1998; Hickman et al., 2002; González et al., 2010; Moya et al., 2011) . For each 14-d period, a high day-to-day variability was observed in all eating behavior data, with CV ranging between 20 and 60%. Day-today fl uctuations in time devoted to eating are not surprising when cattle consume high amounts of concentrate. Gibb et al. (1998) observed a 15% day-to-day change in the duration of feedbunk attendance in steers fed a 92% concentrate diet. In addition, Sowell et al. (1998) described that the CV of time spent at the feedbunk was around 57% in steers during the fi rst 30 d after feedlot entrance. In the present study, in accordance to Sowell et al. (1998) , meal duration was highly variable with a mean CV of 58%. Moreover, as described by Hickman et al. (2002) in the present study great fl uctuations in day-to-day DMI in group-fed animals were observed, mean CV of daily concentrate intake in the present study was 20%. In the present study, apparent straw intake was around 756 ± 58 g/d (data not shown), corresponding to a concentrate to straw ratio of 91 to 9, which is within the range reported for Holstein bulls fed high-concentrate diets ( mechanism by which cattle regulate concentrate intake dispensed by automatic feeders on low or no-roughage diets is unclear. A better understanding of this situation may aid other types of feed-delivery management. The interaction between treatment and time affected (P < 0.001) all eating behavior parameters evaluated (Figures 1 to 6) . Overall, daily feed intake (Figure 1) , daily feeder visits (Figure 2) , meal size (Figure 3 ), meal duration (Figure 4) , and eating rate (Figure 5 ), increased with time (age). However, the effect of time on meal duration was inappreciable ( Figure 4) ; thus, the increase in daily concentrate intake with time occurred mainly through an increase in meal size and eating rate in combination with a numeric, but not statistically signifi cant, increase in the number of daily visits to the feeder rather than an increase in meal duration. Kelly et al. (2010) , in agreement with the present results, observed an increase in eating rate with time and found no correlation between DMI and total daily feeding time and a weak correlation between DMI and number of feeding events.
Animals in the CAS group exhibited reduced ADG and DMI (P < 0.001) between 69 and 83 d (the fi rst 2 wk after castration) than bulls or steers (Table 2) . Declines in feed intake and growth rate are frequently observed several weeks after surgical castration, even if pain mitigation procedures are used (Fisher et al., 1996 (Fisher et al., , 1997 Ting et al., 2003) . The results herein support that total concentrate intake is a good indicator to identify animals that suffer pain as suggested by Weary et al. (2009) . Although most of the signifi cant differences among treatments occurred after d 69 of the present study (Table  2 , Figures 1 to 6 ), which corresponds to the period after surgical castration was performed in CAS animals, some changes in eating pattern were observed between bulls and CAS animals before castration was performed. Interestingly, 2 wk before castration, for unknown rea- Figure 1 . Mean daily concentrate intake (kg DM/d) of Holstein bulls, steers (castrated at 3 mo of age), and animals castrated at 8 mo of age (CAS) fed high-concentrate diets. The arrow indicates the castration of CAS animals. The main effect of treatment was not signifi cant (P = 0.969), whereas the effects of time and the subsequent treatment × time interaction were signifi cant (P < 0.001).
sons, CAS animals (intact bulls at the time of this measurement) visited the feeder more frequently than bulls or steers (P < 0.001; Figure 2 ). Between 69 and 83 d of study, bulls visited the feeders less frequently than steers, and these visited the feeders less frequently than CAS animals (Figure 2) . González et al. (2010) , as in the present study, reported that recently band-castrated bulls increased the number of daily meals compared with steers. Differences in meal duration and inter-meal duration between treatments before castration was performed at 8 mo of age are diffi cult to interpret ( Figures   Figure 2. Number of daily meals of Holstein bulls, steers (castrated at 3 mo of age), and animals castrated at 8 mo of age (CAS) fed high-concentrate diets. The arrow indicates the castration of CAS animals. The main effect of treatment was not signifi cant (P = 0.667), whereas the effects of time and the subsequent treatment × time interaction were signifi cant (P < 0.001). 4 and 5). On the other hand, between 69 and 83 d of the present study (2 wk after castration of CAS), bulls had greater (P < 0.001) meal size and meal duration than steers, and steers had greater meal size and duration than CAS animals (Figures 3 and 4) . Eating rate between 54 and 69 d of the present study was less (P < 0.001) in steers than in CAS animals (intact at that moment) or bulls ( Figure 6 ). However, between 69 and 97 d of the study, eating rate was less (P < 0.001) in bulls than CAS animals and steers. Although most of the recorded eating behavior parameters differed among bulls, steers, and CAS animals 2 wk after castration, changes related to eating behavior are diffi cult to use as a proxy to identify animals that may suffer after castration, and mean daily concentrate consumption seems a more effective indicator. A potential hypothesis to explain why eating behavior of bulls or CAS animals differs from that of steers during the 2 wk before and after castration could be that bulls can be stressed more easily than steers (Field, 1971; Katz, 2007) . It could be speculated that bulls were more sensitive to the increased farm activity associated with castrations or other activities (such as placement of pedometers before castration) and that resulted in an altered eating behavior. In addition, eating behavior may be affected in response to management or environmental changes rather than castration by itself, and these changes in eating behavior may differ between bulls and steers, as indicated by the differences between bulls and steers during the weeks before and after CAS animals were castrated. In contrast to previous reports , in the present study, gender (bull vs. steer) alone had no clear effect on eating behavior.
An interaction (P < 0.001) was observed between Figure 6 . Eating rate (g/min) of Holstein bulls, steers (castrated at 3 mo of age), and animals castrated at 8 mo of age (CAS) fed high-concentrate diets. The arrow indicates the castration of CAS animals. The main effect of treatment was not signifi cant (P = 0.764), whereas the effects of time and the subsequent treatment × time interaction were signifi cant (P < 0.001). treatment and day in lying time ( Figure 7) . Lying time was decreased in CAS animals during the 5 d after surgical castration, and no differences between bulls and steers were observed during the same period. In agreement with the present study, other authors have reported a decrease in lying time after surgical castration (Ting et al., 2003; González et al., 2010) . Lying time could be a good indicator of the acute effects of castration on animal behavior.
Activity was also affected (P < 0.001) by an interaction between treatment and day (Figure 8) . In contrast to lying time, physical activity was affected by gender (bull vs. steer). The activity of steers (48 ± 5.0 steps/h) was 54% less (P < 0.001) than that of bulls (106 ± 5.0 steps/h) throughout the study. Activity of recently castrated steers decreased 4 d after castration, and it remained less (P < 0.001) than that of bulls and greater (P < 0.001) than that of steers during the remaining days of study. This is the fi rst report to our knowledge that estimates physical activity in beef animals (bulls/steers) measured as steps performed daily. In most studies where social behavior differences between bulls and steers are compared, usually sexual and agonistic interactions are evaluated (Huxsoll et al., 1998; Katz, 2007; Mach et al., 2009b) . Activity data were only registered for 10 d after castration and more data would be necessary to describe evolution of physical activity after castration. However, this reduction in physical activity could be due to a reduction in serum testosterone after castration and thus a depression of sexual and agonistic interactions. The effect of castration on physical activity (steps/h) has been only observed 4 d after castration; although serum testosterone usually declines 24 h after castration (Knight et al., 2000) , some elapsed time seems to be necessary to detect changes in physical activity (steps/h) after castration. The present data indicate that physical activity (steps/h), contrary to lying time, could be a good indicator of social behavior such as mounting.
In conclusion, the computerized concentrate feeder used in the present study is a useful system to study eating behavior and monitor individual concentrate intake of beef animals. Eating behavior was affected by time. Although 2 wk after castration some differences in eating pattern among bulls, recently castrated animals, and steers were observed, changes observed in eating behavior after castration were not easy to interpret and thus are unlikely to be useful indicators of compromised welfare. Concentrate feed intake and lying behavior decreased temporarily during the fi rst 2 wk after castration, whereas physical activity (measured as steps per hour) was affected by gender (bull vs. steer).
